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(54) MRI SYSTEM AND MR IMAGING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a stable MR 
image with high extraction ability by previously and 
properly deciding the synchronization timing of an 
electrocardiogram synchronizing method through the 
execution of preparation magnetic resonance 
scanning as against each one of plural heartbeats. 
SOLUTION: The electrocardiogram synchronization 
imaging scanning of the electrocardiogram 
synchronization timing in a previously set value is 
executed in a magnetic resonance imaging device. A 
host computer 6 executes preparation magnetic 
resonance scanning and imaging magnetic resonance 
scanning during the execution of a main program. 
Preparation magnetic resonance scanning is the one 
for executing preparation sequence in order to 
previously decide the synchronization timing to be a 
proper value, which is used in imaging magnetic 
resonance scanning afterward. Imaging magnetic 
resonance scanning is the one for executing 

sequence based on the electrocardiogram synchronizing method by the synchronization 
timing which is set by scanning for executing preparation sequence before that. 
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(54) [J»!0>«lti MR I $£f£&£7/MR&&£r£& 



(57) imm 

mm] ^mmm^mm^xmmi-^>t^(D^mmm 

Itfflk^m MRIglll *#<73ECG«#S:iRSti- 



B li 



a?: 



r SlfTU-CMRfS-^Sr-tn^ixJRjl 

C<75MR«*^6«r8E««C 

fio 

$9 o» * * ^ib -effiriE-f > - i? > #m m r * * >- 

&£i£Z>^WiK9k^WLh$:ffiZ-Z>MR I i£B 0 
3 ] i |E*<D*W{w*i^-c. 

««|^#LX!p«fflMR^^^VS:a«[lH]. ^ftUTM 
Rfi^i-tn-t'niDl^i-SfliWffl^^rir^at, CO 
MRm^^^MIE^^tSS^^^^'JiciSC^^ 

»«#(0ECG«-?r*lR*t5fS'e*)5MR I=£B 0 
6 ] 5 E*^«WI-*i^-C. 

#HB&£ LT*ORjfe^ib(O«liB*MS:a»a0<OB#BBtt 



(2) WBBV 1 1 -23 9 57 1 



^a«B#*fl(rffiiB]»!B#siji: LxffifcmmmMRx** 

Ho 

fsspiffl * * ^ v^aa* * * * >*f* £ •* £ i»E»E« 

M^fcttJliLflE-CfcSMR I^So 
l!S*S 8 ] 6 E*^*Mt-*Ji^X . 

WE*IffiMR^ * Y J: t/ftTE^ ^fflMR 

R^H>tfo6MR I 

9 ] m^m s E*coKwicfe^r. 

* Ac ( i r. <7) Kj£ s e & ^ ^ ✓ < ^ * -> — ^ * -es> 5 

MR I^g 0 
[flMWSl 0] »**9E«<o«W«w*5^-c, 

IfflE/^^v'-^y^li l(Hl^RFiaje^fc<9 
l/&fm&m 2 0 0msec £A±"efc§MR I 3£fio 
l»*gl 1] OE*^j6P^(-*3^-C. 

SEB Lt7- y x^tac fc -e^Pfliii«*S»^Ei- 

LTlfflEMR«^*IE«^5->— ^V*Xfc£MR I 
Bo 

[S»**l 2] W#3B8E«<o*W^*5^-c, 

WE^Vu^i/-^r>'^«ir^ r 7* yfy KS53IF Ei*«D'< 
/^•>-{ry^-e*>5MR I iSSg 0 
[H*3S1 3] »*3S1 2E*^«Wiw*5^T. 

ffiERfeP^^^X^<O^S^5^'J^^^^tc1S» 
fi^^a-ff-^SriR^U ME««#<aWE««*:ii5 

-T6MR I ^Bo 
[»*3S1 4] »*E8E#0*Wl£jb^T. 

fltrE^^^->— ^v^iiE p i &o/^->"^yx-e 

fc^MRim 

5] »*«8E*<0*W(w*it>-C. 

-5rv^Srffll\ loifB^y-^^fflMR^^rt >li 
3iSfe7c^^ty^^^-^y^^ffl^6MR i3£ 
Bo 

[S»*3«l 6] »*JS4E«WlBM(w*i^X. 

WE«wuffl^^Y^aii. MrE»«*t«^«»ii^n 
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t^^F 1 1 -2 3 9 5 7 1 



MRX^ft >XUM L ft BtrlEM R <b BfffE«S»tt4)- 

I 

r i ai D 

go 

iE3i n — m^<ommzm-rz> ^- * & wae^f mas 

[If *JS2 1] »**2 0E«<O3&WI-*5t>T. 
»«S:*Si|i:IiS-fr-C«^t5*^¥a*fllx.fcMR 

i^ro i xmfez^fZRo i js^asHU**— # 

£&:#)£^a<!: ^I^f:MR I JSBo 



*to*r«3&*-S*a4r#Lfc^iS:»*fc-*-SMR I 
[IS*^2 5] »*«4E«^36W(-*5^-C. 

ffimwmm * * * >^a f c «t 9 MitfflM r * * t > 

Z mn L T ^ 3 M f* «TE««ff t Z Alt * (^ififT * m^-i- 
5.6±«)Ji^¥a*ffl^fcri:*«N»i:"r5MR I m 
Bo 

E«»fr *fT tf ««(d*t Ltflffl MR^^r 

a^HJHWFSISrttJEU -t<oraJHft»|craJHL-CWE« 

nff 6 c t ^tsMRitm 

[0 0 0 1 ] 
[0 0 0 2] 

flSSt*qft-f (MR I) tt. ft 

x**i-SMRf»^biif«*w«ric-r-5»lftft-e*> 
[0003] rwffift#i>f^-^>'^i:J;oT, «x. 

£\ fa.m&nm^m*±.i'fx$/Ki£&<'rz>^h, # 

[0004] w<75j: 5 4***s *> 5 ^-c. aa**^^ 

t-i/y? (epi) cwtWSifettilHl^RFa 
fifSt-M^tti Lffl«*HK»*K iSUSte "CM 
R«*SrieaiwJR*-r-5^/V.^i/— ^V*£ffl^5o C 

IS^NPFbI (acquisition time) fl* 1 'Dtt^ttR LXfi^ 
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frfflW- 1,1 -2 3 9 5 7 1 



fa~? h !) ^ ^^-^^XirJ:o-C(i6 0 Om s Uffi 0 C 

<nmm s Emzxzmik&n. e p i a ctt^t, m& 

[0 0 0 5] £/c. »«*t*^^«*-C*>^»'&«w(i, 
1 EUt^R FjS(j|etr^9^B#Pa1^M^F e^<o^/u*-> 

^yfyF (segmented ) FFE^ffl^T^ 
^Ot ^ s/ KF F ESW»^t, ECGy— 

[00 0 6] 

[00 0 7] o^D, ^IM^^-f 5 vy<DiBjE{t<7) 

(flow void ) ***^(diaoT. {a*ffiaH£< 
»*#<±«HLfcjfiLa*WfitlwfflffiLfcMRA«S:#5 

ECGy- hft4r+»lcg^LS.o*taSr*HtwfflftU 
[0 0 0 8] r^J:5 6tti5iTl:*)50T% 2 

m/ s e c ktk&ftm&<Dxmmffi&mmti,tL\<^m 

[0 0 10] 4fc*«IWo!SiJOB6«j(i. -t<oj;5l-'ka 

Han*-* s vy<D*«fl:*i8<5BR, «asiB*Ba^s«)(o 



[0 0 11] ^f>IC*^0^(OSij6Og^(i, *<D£?te*b 

it) u *^u-^^»f^±«)#iB-^ftflrs:fc«-r6- 
[001 2] 

>-£r?g&[eK H?t LTMR«*&*;ix^ftJK*i-$ 

*>T ^-^^^fflMR^^irVl-jKlBfcS-fr5S|i«tff«R 
[0 0 13] ffil^Ltf, MIBflS«««RWt^a«. H»I5« 

yfflMR^^+>^swts^5^»sefc^at Sr«x. 
ZDtxnmfmmh uxaftwicgrE-r^-^^yfflMR 

[0 0 14] *1^™r I3SB<0»2(01B«^ 

fat, w<oft^#Hgjfi(offl*fi^tt-t*ti;-s^<tt 

#LT2p«fflMR**^>fc«»ig, HfTL-CMRft-9- 
[0 0 15] r<0*2^ffi«^«S»flK(Zjo^-C, ^«JX 

ffiriE««ft^ECGff^-*iR*-r-5¥a-e*>'5 0 *fc. 
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w * * ^ is^Wifr* * y t £ ful£«& 

[0 0 16] t<K. #ig(w(i % JfflKtpWfflMR;*** 

* ^^^fi^ilSE jfefl) ^/U * >— > ;* * fc tt r 
0>R3£s EMffl^fcF AS Effi*^^/U^->— tr> 

Fm&%fc.?)<DX*-*>tifm&jfi2 0 0 m s e cJ£Jt±T- 
*SBBiB«*l¥«j«'r * 7 - y aiseaiifci^ftff-rs 

[0017] ^tz.m<om t i,x , m^'^ms—tr:/* 

[0 0 18] $ ^5 i^S'Jtf^J d: IT, mSB^/^v'— 5r^ 
*tt:EP I jfctfV-S/u* ^V^Tfe^o 
[0 0 19] Sbt-KiJ^a^^. #SflES«»fflMR^^ 

WK-f * — ^>-^fflMR^^r^>-fi3^7n^^r^>(D/N 

[0 0 2 0] K±(7)«fi8(rj:^i U 

[00 2 1 ] io£0#fJ<J: u-C, ll§]ORF]ffijeKf¥5» 

aft*ias:tcaEx.5^^T% Rjsasa:«wai«w*sK 
#i^;fcH£fc«»ii »3 (D-mmmMR * * + ^zmrnxz 



So 

[0 0 2 2] Lfc^oT, ^ITO^-yy^fflMR 

2 fim#><Difomxfo^x^, ^cnifomicMirz>mw<£x 
m^zmm^<nmmtet*fch'oxi>, 

[0 0 2 3] £/c£'J^#iJ£ IT, lleI(73afi^ff5aHft 

B*p»wit««®i ^ s e g . f f e m^mmm^mm 

ffiUfcS5«l£atB^MR«*s««StL-5o 
[0 0 2 4] £tbic\ *3SW^MR I 3S»i mil£SS2 

K*I^XS9ia5p*fflMR^^r^ 

fi, ««*tftSUtw. WlEHifflfflMR^^rirV-eiRJILfc 
WIEMR«*d^M1E«»tt»o!p«fflili«^^-t--5 

^mx&*). m&mmtifMmtt&n. Wimt&m^ 
\z^^rzmmmm<Dmmmm\zmm^xm^ 

[0 0 2 5] £<7>«»«0»«#«te. «^<i HflfEffi 
-irv^afi. fltrfS-f ^ — ^v^fflMR^^rir^-eJR** 

[0 0 2 6] WiiliLfc*2Offi«C0«jS{C*5^ 

i4 iw^^it r tar*-*- -5 5 c i: t -c-e # So 



(6) 



t$F*1¥ V 1 - 2 3 9 5 7 1 



[0 0 2 7] «±CQ«/SllZ«J: f9 . 2pfl|fflM«(C*5Ct5® 
iRtt <D&ft ^ > = - fa] <Z> tt £ lfiL$t * if <75»«*t* 

[0 0 2 8] £<blw, *«M<^MR I ^TfS^2 

tat&mmm mr * * > £Hfr l r ^ 6 BB««riE»»i* 

[0 0 2 9] £fc£*bi::. ^i^WMR I mflE 
5 t*- * t!i> <b WIEBff WfS9 S *5£^& t 

[0 0 3 0] cntcj:^. ^mn^^-f ^ >?<nwcm±. 

[0 0 3 1] S6tw, **?BOMR»«*fetwJ:tLtf, 
Sr-StraWc** L tiifflMR * * * LT«§ 



LT^ ^^^flBMR^^r^^SrUfT-*- 5w £ 
^^fflMR^^r^SrttHt-llfTLr, ««*r*^tBtu 

[0 0 3 2] 

[0 0 3 3] » 1 <D||3fc7%ffii 

« i <DmM<nmm*m i -si i o LT»w-r5 0 

10 0 3 41 r<Z)|iJ6J»ffil^^-5MR I («fEe#W|>f 
[0 0 3 5] ^(DMRlgill mkfct L"C^«#P 

RF (BS««) fa^-^^la-r^^ft^i:. >^ 

mm) «-»*«-a9-rs^mf+»j»^. »#p(z.6jh**r 

[0 0 3 6] »«»3SiSB«. w^tfa**^*^«^ 
^ <nm& l (w«je*«i»-r 2^^i 
x.. *tt*P^iS»StL5nffitt^BBPffl (^WrJBS 
Fb^) (Ztt^rfiJ) l-INK»Ho 

«6<i0«8lds»ftStt5o «tt#PS:ttii:fc3: 
[0 0 3 7] ffl*HK4B«^«B<i, 1 \zm^^tifc 

&&m&&£.zi£z>r£tf><D3m. (mm) co*, y , z ^ 

x~3 z ^(ix.6 Q ffl*Hfc»SBIi£ btw, x, 
y , z^^/U3x-3z & 

4^ril^5 0 r(OM#4a#mM4(l. 5rv 
^tO^fiJ^^^x x, y, z^^f^3x-3zl:ft$H 

[0 0 3 8] mmmt%mM4fab Xf y, z ^-r/u3x 

3#X ( Y, Z*IftW«*HK»S:^U-C, 
|S]««4lS»Gs . Slxyn- K*!p]«*HK»Ge , *3 

[0039] i^sm^i. 1 rt<0«»^P H 1(wt»# 
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r F =i >f /U 7 KiSUfcS ft fciSfSS 8 T&t>*£{f 2£ 8Ri 

»8T*i, m$x&m (NMR) SrjajB$*5fc«>^7- 
^TJSttl&OR F mXt'*'i'X & R F 3 -f /u 7 Cft»t5 
— §IIS8RI1 R F=*>f /U 7#3:{f LfcMRff 

[0 0 4 0] ££>l^ »H»-iR*SBtt. ->-^>"^ (■> 
-t^^ b 0-7 *>P*tfft6) 5. hf+*ttt 
6 . mW-*-- y b 10. fEtg^-- yhlh *^*S 1 
2. *$J:tfA*»l 3£</i;L£o ^^rt. 

[0 0 4 1] :WMR I *£mn, fftRflfcfO^t 

t^mmm^^b 5 ^mmm ^nn-r 5 

TECG-p r e p*3r-f ir^ 
fOECG-prep^^r^yta 9 «< \ 

> yx-'brnmrnm^fc z> * > x&nrrr z> * * * > 

E C G — p rep * * V0>3lfif/l'— 7~>-<D— #J£[H 3 

mimsiz^ti^^m-to **** laadct^L-c^fc 



t^V ECG-p r e p^^f yWiCfif^X^rt 
[0 04 2] — - 5rv*5li. C P U*5 J: tfp< * y Sr« 

SB 4, 26«»8T\ ^msR^-igtoibf^^^i- 
ct tfgff 2& 8 r «r«jff s -fr 5 Mz.&m%±x nffim X 

. #J;ttfx, y, z 3 z twBl*Di"S^< 

*j-f -St^^/vx — * (MRff^-) £A^ LT, 

-^ats^ s/ h i otce^-r^o 

[0 0 4 3] r (7)/>/U^->— tr>Xb LTfi, :7— 
X»ife*i8fflT*#£fc<7)T-*fttf, 2#Cx; (2D) * * 
-T^SfcteS&TG (3D) 7^rt>t'fcoTUt\ £ 

fc, '*/i>xm<nMt&b LXli, se (^f^mn-) 

ft. FE (7-f-/UK-^7^xyhx3-) fe, FS 

E (I3SE) ife, EPI ("-^^-^ 

40 jfe. Fast asynunetric SE (FASE : FSE^I: 

[0 0 4 4] ^7c, rftfbtfV^u^v— ^^T-flMftS: 
fc<9 *0»««FH(itt2 0 0-100 OrasecaS^^— ^ 
ASES (2D^fc(13D) Srt6fflLfc»&. — <h L 

[0 0 4 5] 

Wi] 



(8) 
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(a). 1 i/ a y ha^b©««tB*R9=2 0 Oasec<DJ»6 

xa-lffli (ETS) : 5 wee 
$ftTE (TEeJl ) : 4 0 msec 



ttffi:r>;i-K;frfc©^MJ***4X: i 2 g 
X3— (BPS (ETS) : 5 asec 
£ftT E (T Eeff ) : 4 0 isec 
C1CD><5 j« MttfS« 3 6 Omsecfcfr*,, ) 

(c>. 1 is*? h^^0<O»«l#fl8*<6 0 0-7 OOiaccSato*^ 
ttffix^a-K^rlSl©^ h U^X?>fX: 2 56 
iS-fflH (ETS) : 5 usee 
Ha&TE (TEeff ) : 4 0 «»ec 

(d> . 1 5/ a -r h^fcO(D»*BSlHWl 0 0 Oisecaffieo*^ (*©1) 
&*Bx>3- K^^l©^ h^Xt^X: 256 
xa-HHi (ETS) : 8 usee 
S££frT E (TEeff ) : 64 usee 
(CCD^^y »<M&f33= 1 088nBecfctC* o ) 



tt*x>a- KjSBKDt h 'J^t>f^: 5 12 

(ETS) : 4 wee 
9l*trTE (TEeff ) : 64 msec 



[00 4 61 Sl^-i/ M Ott, §ff££8 

*) ^gag. zm^fflmm^nmfc't 

Z> fctf>tf> 2 &7t;£ fell 3 2fc7cCO 7— D ^aESMQS&fT o 
[0 0 4 7] coia«^— ^^J58ftia<7?#ia/jr— #J 

(mi p) «ia-e*>5o tow&mia-i. mmnW 
tern, m&w-mtiim. a^f+tfa*&3fe^a s ^*ix 

[0 0 4 8] E«J.= y h 1 1(1, W^-^*iJ:t/ff« 



[0 0 4 9] .Bit«)lS^a5^ Ltf^M§Sl 9 

[0 0 5 0] *e>(w. ^«SfJBjas«. S# P<Z>#»;i fl- 
it EC Gff^£mMff LX^ttli-^ECGir 

a^^^rffiL-C^^ ht+IP«6 *5 J: t/ ->—ir>* 5 
ttl*t5ECG^yH8i:t(li5. d<D^«f+»J 
aSlw«fc59tSMf ECG-prep^*1r^t 
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[oo5i] mc % mm** * ^ytttrnfeiTZtito 
[0052] htfwmea. H^L/«c^flff3e^^-f 

^i-fS^LX. 03(^tECG-p r e p 

[0 0 5 3] ft40t-. hSt»«6*i. ECG-pr 

»«£A**1 3^e>SM^ir (RB^fy^Sl) . 
**-W&W-l4, X*-r^<Dm&. ^/UXy—trsX 

0>ii3EB*flB) . i*Pfli«#^S«*«A t, IsHBW/fr^C 

[0054] ftt^-e. h$fwmen, *>- ^>xgq 

* ^^Sr*a6-5tft^B#BB(OJS^^7^ — inc. 
:fc'«fctfii3Sfl#BllTDL*^ ]) ir-f 5 (CNT = 0, Tin 
c =0, TDL= 0 : ^f-y/S2) 0 ~CD&, Mf 
*«6f4 : S 1 Mg£»l 9 1^ 

X, r.RS:ii:«)-CTS^J £^ofc,BJt«>i&^«: 

(4, ECG-p r e p^^rY^W^Sf 

AJt«)S:IIJfiL<Ci/^l6"CE CG- p r e p^^r-y^^: 

[0 0 5 5] C*OJ:5{wtp«3ftSlE5 hfHS«6 
(4^7 t y^S4«»o«iSS:IK»:llfT"r5« r^LtrJ: 

[0 0 5 6] ftft:Wfwl4. R&cDt'— ^ PJigB#P^ b <£> 
jf3gB#H]TDLj&^ TDL=T o + T i n c \z£ 9WWStt 

S5) 0 C(O^J^a4R&ttjm^X^ , 9i§$tL5 0 R 
Sj&SfcHa-t-<5£ Ury^S5, YES) . ^s/^S 
4 -CWW L fc-t OB*.«<Z)ilii B#|M TDL^ R & fcf - ^ 

[0 0 5 7] Rft(75tr— ^B*»J*»e>iliSBSPaTDLdsaiia 
t5t Ufy^S6, YES) , &m<OX*<>rXn'< 

yZfS7 : HI 4 $83) . d (4, ^<D 



-&X'#>oXk* Z(DECG- p r e p^^r^>*4. 
##t£ra/uX£ ^."f-tttf 2&S"Cfr;tlf J:i\, z.(D2}k 
jt* ^\z£ K> ^flc^Slft^PflSrar/MSicit* 6 r t 
^X#£ Q M>SI^^-^V^**^ V*S2#C7C0>» 
-&I4. ECG-p rep X * -T >*4 2 &tc* * -r >t J: 

[0 0 5 8] :^ECG-prep^^t>Ht, ffi 
ASE (2D-FASE) jfedSffifflStlSo 

**^W£<oft;b9 ic, ii#coSE&, E 
p i FEife. -t^ yfy KFFEiti^ 

[0 0 5 9] ~ ^^-^V^^^i^U 

5 (4»f^#*^S^Snfc«Sw^^^ ->-^>^ 

[0 0 6 0] ±SE->-^v*S8fTBIte<&«*aL 
[>>^CNT = CNT+l^f^t^ (^xy^S 
8) . fl*Pfl<75Jf$Jv<7;*-*T i n c = AT • 

CNTOSJ«5?t*3*L-5 (^f^S9) 0 mCJ: 

>f 5 >^!3it615>^7^"^T i n c^^* * 
[0 0 6 1] #:^X\ #EU£0^</u^'>— ^>^coHtf I- 

li7 0 0msecgS) 5 £ X\ *:0>$*t*« 

i"£ (^r^SlO) . $^l^[£im^^>'^CNT = 

^PP^TDL^#Scr)B#Pflf(t{^Jg L*J*S 5 =ESC<50 

2»7c«S:«»-*-*»&. [Hl^^^>^CNT=5tc:^ 
^^5 0 [£]^^>^CNT-±PSfiI^?ijitLT^^ 
U7y^Sll, NO) „ ^fy/S 4 <7)4fcQfS 

^>-^CNT = _b|5M^?tJjiLfc^ Uf^Sl 
1. YES) , .Bih«>#PI»(Oig^*s*^«fe» 1 9lCtH 

$n (^f^sni . -^(om^^»4/^>yD^ 

7AI:^$n6 0 AJh«)WBft<Z)S^^ y-ir-v?(4«x.tf 

[0 0 6 2] ±aSOAQfS*IW»:llfT"rSi, -^'J^L 

3&S#lHlS(w|ltT$lX-5. aWlTo = 3 0 0 

msec, lSBfl^AT=100mseci:fB*U^ 

DL= 300msec, S*2(e1@ (0*tL^Wt"SilJ8B*PBl 



(10) 
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TDL= 4 0 0msec m 3 Eel g <n*:irh\Ztt1r <5i§2P# 
PalTDL= 5 0 0msec, •*■ £ l^o fc^&lClP^ ^ 

aH#»j35^ilii«FPflTDL (=To) ^Jx.tf2D- 
FASE^S-KllSl^^^rt^ECG p r e p 
lJ&SBfSH#Pifl (fi7 00msec) *fc« U 

we, c^R&ftmdfi{^P^£^i*^ 

3#§^R^tbmLTt°-^{ifl^iii-6 CcOflJif 
WF<S^?jiS®l*BBTDL = T o + T inc = 400mse. 
cdsa«LfcB#^T% ^2EElg^^^r^VECGp r e 
p 2dS»f^B#Pfl»«L, Wl^nHf »*SlR*Sn 

j£B^TDL = T o +2-Tinc=500msec ^ft 
ii-T^i:. |30I^^^ECGp rep 3 ^ 

Pa!TDL= T o + 3 - Tinc=600msec as&iS"?" 
i4©@(D^^t>ECFp r e p 3^f^^ 

[0 0 6 4] #7 U — ACO^c^i— ^— ^|4HS#c. ^ 

yt5*gSLr»*^=y h i otci^p.n^o 

0(i/^iS^P B ^ain-^-^^2^:^^-U 

tt5o hff*«6(i, «x.tfA*«l 3j&*e>tf>»fls 
{f-J§-|£j£gLT, ^c7)MRA«£:!l|I#;, (C I N 

E) «^i"5 0 

[0065] r<oj:9tw, y4-r**y?\^>ommm<Dm 

«<^*^«Srig5 (a) — (e) (^^"To m^^UKi 

mmtDm^Mfr^^friivx^ 2d-fase& 

(Hi&TE (TEeff) =4 0ms, «-f^ (ET 
S) = 5ms, ->3^hS=l ( *7^*m (ST) = 
4 0 mm, ^7><^tSca (NS) =1, #D^tfc& (NA 
Q) =1, vM^^f>fX= 2 5 6 X 2 5 6, FOV 
==40X40cm, H^^rt^ffl^rOOmsl 

Ufa) tw»SLril»LytWSF^iii«^X«r«*Wt-» 



DLtt-tiX-fJx. (a) t*TDL=3 00msec, (b) 
"CTDL= 400msec, (c) "CTDL= 5 0 0ms e 
c, (d) t'TDL=6 0 0msec, (e) T'TDL= 7 
00msec, ^jJotl/^o 

[0 0 6 6] rtt&<7)->^a^«S:@fia»-f-ixtf, * 

flc^WBCfeWJi. P1H (e) WMRAttfc^o IS^CO 
(a) — (d) ©MRA4<?)»t, (e) KJfc-ST, ^ 

t^ttlBt-ttoT^So BK\^te^X±9M&L<n 
MRA«*»£»g\ wCOH^co^^fi. IPiia (e) 
0>:Rflfi, i-<Cto*>ii5iB#PaTDL= 7 0 0m s e c ri>*ig 

^«RI*l<ora»i^>f 5 R 

t°-^fijig^J^ibilM^P B lTDL=7 0 0msec 

[0 0 6 7] Lfc^oT. wtDj^tCgjipf 
P B lTDL£ y-T S 3/ ^ l^itiftLfcllftft^MRA 
«^<b*a*iiiflfe. i-fefc*>*ia/j:il5ii*IIBTDL*:@« 

-f * - V s >- =*r -v > {ZL^MX'JzLVk £ it 5 3rfr 3 o 
**3, r^i§/£j ^ffllSii. B»l^>f 

[0 0 6 8] S.P>(^ ±ILfcECG-p r e p 

[6o6 9] -^(c. Wjfiiff^jffiBwiiaw (mm) i^ix 

^^tt5ifil«iT2 ^FBB^T-fit^ (T 2 =100-2 
0 0ms) rt^P)^T^5 0 rcOT 2 «FM(73ffiJ60 . 
ifiLSKfi, Tz mm&&^C S F-^BBtBtt (T 2 >2 0 0 
0ms) i^tfc^T. jt-e-^^fflMS^XS^Sw^AS^o 
Tl/^o COOCi:*!, ffl?L&, X®t l"R. Todd Cons- tab 
le and John C. Gore, "'The loss of small objects in 
Variable TE ima-ging: Implications for FSE, RARE, 
and EPI*\ Magnetic Resonance in Medi-cine 28, 9-2 
4, 1992 J K^Sft-O^So mXffi\z£Z>t, Tz^m 

9(^1, "point spread function " \Z X o X"^ $iX-5 Q 
HHW^77#i, »«»=1. 5T. TEeff =2 4 0 
m s , 31=1— r^Ri (ETS) = I 2ms<Dt£<Dh<n 
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T2 = 2 0 0 0 m s (?)C S F«Ii:it^t, T 2 = 

20 oms (Dikm (mm) n%<o*mm&&&ox^ 

6 0 ZtllL Tz = 2 0 0 m s <nfaM (W)ffi) fiC S F 
= 2 0 0ms^)M (ftffi) tiU CSF^MWiStCJ*;^ 
[0 0 7 0] — K^faftifcSfcfrfSjt- 

RAt (igSJfc) 3»JS1«FM) ^ril^-T 

[0 0 7 1] JSfctC. c^^jf^o^m^^^-^v 

[0 0 7 2] hffl-*«6ii. A*J*1 3^<bW»f^ 

[0 0 7 3] C^x4:»a5-r5i:. h«-»»6tt, M 
a?UfcECG- p r e p LrSM£#d**«> 
fcftiB* (58«3<C) ilJgH#fHTDLS:A**l 3^1T 
Klrt*> (^r^S20) 0 Sci^r\ **hSt»«6 
A** 1 S^CftSLfc^^Y^ftft «« 

t w j£ £ / * /u * •> — ^ x * if) *s J; 

xmm<omn mm&mmx<D^&frmmm£m±x<D 
-&f&t)\ mnmmfrMtxm&fie (mi p) ma^^ 0 

^^.-^ h l Otcffl*i-S 21), 
[0 0 7 4] ^io\ Mt*»6fi. ^gojxt^^S 

?W laser, SftWtwfiSrffini^a- K*r&i^3g«* 

^fc»or 2iu@(D^^-vv^|ltTi-6^#ir > {&f@^>- 
<arfe3 0 

[0 0 7 5] 2fc^r% ^^ir^SiT^flSa^Tcojfi^fc 
ofc^JBfrr^ 5 ^ Uf^7'S22) , ^f^S2 

r^S23) 0 CtLlzJ: 9, »«B£»1 9(1. EC 
G-p r e pX*-*>mtl5im\Z r,&S:ihtf>r T$ 



[0 0 7 6] ^0.&Jh4i!)BB*6*»*Lfca, KSHBl 

«6ttgf^owaE«FBiTsp i») ^ib-?^** 

£rli,f+e>? Ufy/S 2 4) „ 

[0077] z<nm&v*n<Dftm*&T-rzt. h 

f^S2 5-S2 7) Q ^f, ECGlf^A^lL, 

■TSi:, ^r^fcT— ^SliSB^SW^^r y^S 2 0 rtt^ 

S27) a r^iajffiBSWTDL^fiaii, WHS L it X b i- E 
CG-p r e p^mx^^^lZ^Vft&tl-ZlfotfL^ 

[0078] /j?ib\ S-Lh^^^^sw^R&mm^r 

^W»B#BflTsp' (i, -L&LfcffiTsplc. rcofl^BBTsp 
RiftttlSJ: r-0)ffifcfl#IW /3 Sr^p^fciittc* 

-So 

[0 0 7 9] r.(73*H/«Ciljffi«FBS]TDL*SjKiaUfc«Fja35? 
8) Q C^ffi^tSttfcSz-^VlJ-Stt:, gEt-S^ttr 

fE« ur i^c^/^ ^ >^ tf faiac cx is« a» s t 

[0 0 8 0] B8 tC^-T^^JJi^ ^r-r V(7)|H]»dS2lHl 
[0 0 8 1 ] ->->r>i^5(iil^, K«-*ttl6^e) 

-< ^ -^>^^^r-r v^BBJfeJg^siSbixr # fc^S=^ 
*2pJWrLft^^t#«Lr^^ Ur^S28-l) 0 

fr-T^ (^f^/S28-2) o Z<Dl\Bl&(DX3c^> 
<Dm<£. ^JA(f2D-FASE^il^^n. *fcfifcffi 

3-K*Ip3) ^Xi^l:^^$ixt^5 (13 9 # 

[0 08 2] :^^2D~FAS E&CiotltP 
^^^^L/cnin-fl^-fi, R F 3^^7X^iI^, 
Sft^8 RtCite>ti6o SftSlSRrfi^ri-fa^-iC^ 

Sw«-5«x-(i2»:7ck^Micsaii$nSo - 
^kSffli^xa-f- ^wftiiiis:*^^ ^ >^r^i 
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s, c <n nm&wim^- ? mets^- * b i i cl-h^w 

[0 0 8 3] tr^V-sn 1 maco^-irVS^fSL 

t>6 (**ry?S 2 8-3) 0 
[0 0 8 4] wCO^. >— ^>-^5(i2|e]@co^^r^r>' 

4) , ^^WbITwII 1 [HlgCO^dr^>t^^J[^ 

oSW<45, ;:<o#«B$P«lTwi: LXfi. «;tlf 

M£ 1 oX£>£ 0 

[0 0 8 5] CO|»r 9 lTw^t6t, Sx— 
i^SliECGfg-^A^U ^r<0<^Ri£t 3 — $ <n\ti%L 
£f#0 (^fy/S28-5, 6) Q CcDfotf), Hf^eD 
t*«B»PflTw' ttJS^«P«B*PflTw«C, £<£>B#PflTwS 

[0 0 8 6] ZtDmm&fmTDLi&W&l^ ^Vi^5 
(i2[eiec0^^r^>^: 1 \m& tHD*^ *1-o^TIr] 
fC^TtS (7fs//S28-8) o f:f:U C^i: 

ffi4B^V=3— K*lP3^e> 9 0° "fitfc^ftt^ 2[n]g<D 

(0 9#Ba) , iR* $4x^:31 3— {t*^«3«(i i [p]gco 
[0 0 8 7] ^LT, >— ^r>^- Sn2{B\U<D^^r^>' 

mSfcttLXftl (^fi/7'S28-9, I0) o 
[0 0 8 8] g 7 (O^f S 2 9 ICfcV^dL-CP 

0) Q Ztoftft^ 9(1. #J;L{£ r&SrUT 

[0 0 8 9] ^O— ii^^— ^4K**afS^»*3-5t. * 
hi 1 C-^M^Tl^ 2 0<O**^|::m5l?tft 



^S31) „ ^^ttl^ME^f y^S 2 1 

Til. ^*eo»g\ 2tta>iB«A, B&iEJittSl-aoW: 
< % 2tfco?f«fiKS4xfcMRAiiBlftA, Bd»$>-&/*ilu« 

[0090] z<n£iiz*mmmz£ti& ^mmm 

<Y ^^X^L/c, fl5«ffiffi^MRA«*«0W-5C: 

if- try ^>f -^JBllB^^^jfiT^ffffl: 

[0 0 9 1 ] ^JxSrffi*^^«H»ffii:lttt-r5„ 
X 5 (- , '6«BIK«^« tf R ^ mmfr « 
ic— SoiSiifl*Pflj|Sa«tw. 

BSHflfSrEKBU jliL«*«^lt«««*Uri^«FBB«r 

H»»SMtofl:ft^^3 - K^r^^+^trSBgLX. 
[0 0 9 2] Lt^U -^<OjiMS#PB^ 5 ^ot>^^^^ 

i&^^^*^S^a{i^x+^icfi?f)iiLX^^^^ 

lttl*l\ 3i=«— «*ift s * I^^I/^ci-tK^ K (flow 
void ) 5*^tutLi5 Q 

[0 0 9 3] CCD J; 9^SW1Wtt8ftS^SES^ 
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tX\ f^-m y ?\zmMf"( ^ >i?$:$CZ-Xx*^ V 

mw^) mizxz, \^tz.fr^x±.m^tz.&mmm%: 

[0 0 9 4] £ t ZtDXylzmMfJ ^ >?fr^lsb& 
[0 0 9 5] ir*>-C\ *liJfiJ»ffilc:J:ix(dr. fitfe^^ 
[0 0 9 6] CWSStt, W!EH6T'K^LfcffitS3iV 
1 ldSfcoT. 1 [E]@cO^^r^^0^(D{it@^>=i 

1 late-ffeLTv^ (a) ic^-fct 5 

•9, *(Z>{firffi3i>=i- K*|P3tl»— ikLTl^JfiLWB 1 
>-CH:fiffiiy3-K*lp]iJS9 0 o '£jE£4x5^T% ^ 

ff(±S»(-l^ia (b) (^^-r J: 9 -^rCOlfiLWB 1 

fc?— *<OifiL<ffB 1 Hitftt(wHoT3*n* 

[0097] ±.&LtznM3&mxn, mm (a) 
(b) tDwmi&mmmmmzMn $frz><n 
x. mm (c) \ZTjk-rtiu<, w^fts^^— k^ipj 
^«bi, b i \<nmm*&\^m9k$tvr\z3%z> 9 l 

ii % 2tt<7)iiilft*iiifiliStw3!iD»UT^S*^r 
*r±tt\ S/N£fa_b£-£5 0 HI 1 0 "0liH3£-t"£ 2 2f 

> / = i — K*fSj^<b#^-f jxr^rt>. *fcjfiL«B i i a* 



[0 0 9 8] ffiJK^ffiffiaiVri- K^lSj^HS^T^U' 

««;LtfiaiO (a) l^^i-^fS]t^ffi^aL>3- 
ft£l££Lfc<!: # ifiiSKB 1 

ffi]fiof^ttciao-caaT*»55ijHiUw/«c5A\ « 
*un^5;^»feot *fcraia (b) i^-r^ft 

[0 0 9 9] ±^L/cIlil^i^, l\B\(D 

&±tt>mfa\z 2 H^aw^ > - * * >£r^;t -5 
i£mT-^z7 T i? b<Dm$L&wifflx$&t tiiiz, mm 

[0100] it 2[H]^^^r J WOP 9 1tC^ 

[0 10 1] ^J:5i««i*M*»SLfci: 
5»SjS, fir»«Fm«i4»SS-eartfOT\ Sihi6^^ 

[0102] m2<pmmm 

»5<7)HJ£3Bl»|i, ±I^ECG-p r e p^^r^V^: 

[0103] mm\^tz.mi<nmmteM<os( *-i/zsjf* 

WXtt. mi 1 [Zir^u<, {i^ni^n- K^^I^r^x. 
tl5ECG-p r e p^^r-Y>SraSUX*aft$ttfca 
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[0104] -ttet>h. Dm (^) -tzmmmkn 
[0105] is 3 <nnmmm 

JB3<OHlfi»ffiS:iai 2-1 3*#BaL-CttM-*-S 0 C 
<0HJ6Jgttfi3 3fc7c<0^*RI»3^ > -vJv^* Viz 

[0 10 6] C^3*^^«I^M>f ^V^^rY 

Lt, Ell 2 1^ m-*«6*5«fct/*>- 
^r>-^ (mrili LfdECG- p r e p ^^r^V 

CG-p r e p *3rY >*5iUT*a{tStLfcjSSSH#W 
TDL-e**lbtL5« 113 (a) , (b) td^ 

■*->n<. l«Sl5«:3»:5c»«-r5»-&^)#y^-^««<o 

X — ^Ifcifefi, RLsel , HFsel , R L se2 , HFse 
2 , — , RLsen , HFsen <DMFF T*#^ 7 ^ 
- K*(-JCUfc^^-lr^S2 n[eJ (nl*2£U:<Z>S 
») s Mx.tf3D-FASEftflB6*ixSo 
[0 10 7] ^^-v>RLseifciiHFsel±, ^Ua- 

**:"R Lse£>#£\ HI 1 3 (b) OHJft^BlX 1 

*ffilfc(±9 0Sg/^o SS^s e 1 - s e nil. 
sel ( — s e n) tCO^TSS 1 . SB 2 2 @J<Z>'frflW*l 



[oio8] fiffi^v^- K*ft^fe& 

R L^fpJ(c»^$ixfc3»C7cJ!S-r-^^ 1#1T\ 
ti^^- K^f6]ds±THF*(p](;:»^Six^:3ft5cJR 

RAf-^ti6 B 
[0 10 9] Z^3^StiaoT^, ffli£LfcH!fi 

[oiio] m4(Dmmmm 

*«W^*4(0||J£^ffiS:iai 4-1 5*#fiauxttW 

[0111]il4lt hfl-»«6ia«tt/">--5r^ 
v'-^yx^MfLtl^o tr>*X*n, S£3 

^ *Str(-mS^n^ECG-p r e p^ir- 

[0 112] «;tti\ 4tfc(£>^/i^* ^ — 

^■cmassriwfc-t-a**. hi 5k*-«d<, #^7>r 

^iw^lCL.fc7.^r^^R L 1, RL 2, RL3, RL 
4, HF1, HF2, HF3, HF4, —(OmFFX'Mz. 

ASfc&RLlfrfpk ^^rt>HF|j:WlTHF^t 

^ 9 o««*s 2 -7 ^—j*<nwm&mmrr-*tmm& 

[0 113] #ib\ ~<DT/lsfX7 4X'(* — is>#'<n 
^^rir ^HBfffi. RL 1, HF1, RL 2, H F 2 , — 

[oii4] ±mLtz&nifoMm\~h^xn, >r 

[0 115] 9SS<nnmM1& 

*%w<Dms<DmmKmzmi 6-1 8izs^#^^ 
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60 fr-mMBBte. aj»iSw^*S:»«tS»^i:# 

[0 116] WiliO^StlBJBlBtt, EC G- prep* 

ft) <opiai*>f (sm^itdl) moot -r 
[0117] W^iaix^i#il 
^-r&K, jBtw*»j» a r t Bf «ni p v tfcs 1 1 

[0118] hffl^e^o^-^ 

^>^**^ViCfe&oT, -&fh2Hl^ECG- p r e 

px^^>^itg^^fi-5J;5(-^o-ci/^ 0 i^E 

CG- pre p^^rt># 1 "Cfi. K^fa 

fcH3, 4i:^tECG-p r e p^^rtV^ -Wi 

LT2&7cFASEffitCj:0HfT£*l<5o 1 01 

OECG-prep^^t>CJ:^ m 1 6 [^i-^JX 

cco^, ^EbMAR^biOMRff^-^^^a^lc/^ 
S*»SS£B*IIBTDL= a 1 

[01 1 9] i2@@WECG-p r e p^^^X 
(i, ffiffl^>=i— K*f^lS:«^fte*RL*|p]tw|gfSL 
fcttH8*C-Strai!Ufcia3. 4l:^tECG-prep^^ 
^r>^mc< 2&tgF ASESCJ: 9Jlft*ix5o w(£> 
l2[U@(7)ECG-p r epX^rtyCJ:^ 0 1 6 IZ 

Jw/ c c5*jgjS31«FBBTDL=a 2dS»^$ix6o 
[0120] ^<n'&, hf+^e^Jzt/^-^Vi^ 

5|»1LX, C<0 2«JS^SSH#B8TDL=a 1, a 2 

3»C7cF ASEftirs^<^mp^-r^-^> 
— $rv*0ij«rig i 8ic^-r 0 raiat-^i-J: 5t-. mi 

Wlo|0^7-f ^xyn- Kfis e 1 JOSH'S * 

lai, pqj||RPvo*fT*|p]Jc^^fciS3Si«FPJ 
TDL=« 2tcra»!LX^=¥-Y>Sn-5o ^ Lt, 

^]X'E.o^ 7^^xyn-Kis e 1 ^lt3^^F 



AS Eftt^S^5#HfT^n5 0 $<bK. 2[UlOlo| 
^^7^^xya-Kis e 1 ir^j-TS^^r ><Db £ 
Kli, 7<;aJ!fSAR^^T^^t^^^/tiijlB*^TDL= 
a lKI^MLT^r^Sft-So tit, rixClWCL 

O^^-T Kisel (DttlT*3ft7cFASE 

[0121] £*T, f^)#(-. ^7^^^>^- Kfis e 
*3Cx./«CdSe>, ajEB#WTDL=a 2I-S<5<ffiffirt^3 
- K*fa=fc&R L^ftO^MlSH' * — vV^^ 

StwSftfliSSax-So ZCD—]gCD**-Y ls\Z£iXltiLM£ 

[0 12 2]'rt73j:plC eBiJ(DECG-p r e p * * 

*) , ECGy- hife<z5fc«)^ra»i^>r ^ >^ 

[0 12 3] ZCDfztf). fi^^V^— K^fa*2SBB(0 

Eccy-h^w^^y^i# 

ft. B5«SttiteT\ K^S/N<OMRliiflftds««$tt5o 

[0 12 4] fc;fc,\ ±»<75iftW(im»** s *ftJKtP^ 

BR^2«Sr**>-5»&r-*>ofcds, 3«3SK±^»«S* 
*T-4>oTtlRl«'e, *W«SStflt©ECG-p r e 

^i-^^m^-r y-^^^^^^r^*^ mi 8^3* 

5lF ASEfeCJ;^ 3»C7ctg«(-|5S^$^S^ fc*< . 
HI 9 (Ctt: L/c2 ykjt F a s E J: 6 7 ^ 

[ill 4lw^Lfc2^5cFASE?it-ct5^/u^ 

ttffli-S^^/u^ v— ^ tFASE mzm^ztLZ w 

[0125] s 6 <pmmm 

[0 12 6] C<7>HJfi»»(iffi5MR 
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(segmented) FFEffi (JWT. segFFEft^ 
-S) *«fflUfcCfc«:#»i:-r5o -«t It, ECG 
-prep J**-^* 2&7C<0 s e g F F E&XMM 

s e g F F ES-C3afit5»^*»Wt6o Z^J:? 
(r N ECG-p r e p^^t^^^7C^M«bfr<!rX\ 

[0127] :<DsegFF Effi^ffl LfcS/— 
<OA*«*ia 1 9 — 2 1 iZ^r-To Hi 9l:|iECG-p 
rep J^-yV^SES*:* ffl 2 0 (HIE CG— p r e p 
2&7CS e g FFESl:(jSt5^'>-^> 

y — v^^^-r V(7)«t^^r, 0 2 2^Jl^ttl*]JB>f > 
— ^V^^^ri- V(D3^7t:s e g FFESCS^< 

e p^^YV^^t^-r^—^^^^^r^Vi-^ISI^UT 

[0128] ECG-pre p ^=*r-r X± T^V^/U^ 

S<5< 2&5t,s e gPFES^/W^y^i}!* 
[0 12 9] ^60 r v^^/U^ ^-f • — 

[0 13 0] rttSr^frttl-RM-rSi:. ir^W ^ 
»c0igj»^— * E C G«-*§-«73 R- R» 

n i-4b^ > r . r & tr- ^ ffico a a* ^> b#m t dl 

= a l asftiSLfcB$£fla>£. Ell 9, 2 0«)t^yh 

KD7x-Xlt^f|iP<, aSca<75RF®jB*3J:t/F 

Y 1 0ici^(bix5 o m^-y h 1 Olwtt. ftti^^ 
-K*l63*«ftfi (r^-C*i4fi) i:»fflLtkSIB^ 
ffiKfl (CCX-fiSUl) %m$tlX&*), 7X-X1X' 

ft* (01 9#BS) 0 

[0131] s(biw. R&f-^ffl^ta*D#a^e>ii3g 

WWTDL=a2 <>al) Lfc«F«ja*?>. "fe ^ 

>M(07x-X2Wt*D<, a»»^RF®fi*5«t 
VFEjfetZctSaia-lR^SIft^iSSixSo 

X-EjaSttSo ®JSB#raTDL=a3 (>a 



2) , a 4 (>o3) , a 5 (>a4) 0*jh,**4x(w0 
^Tt>l§J#twL-C4eo^=i— fS^SiR**iX, 3S 
@, 4#@, *J«fctf5#i<OkffiRljKS 3, KS4, *3 
J: t/K S 5 <&##W«ae(D*iJ!]<D 7 >f vidgam $ tl^)o 

[0 1 3 2] &(^T\ &^R-R&P a 1X£>£ir^V V h 

K3. 4, 5£o(^TllfT£*b5o 
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